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IIporpammy cocraBui:
Kadenpa A9 TIJNTASBMOT'A3OAVNHAMUKA U TEIIJIOTEXHUKA

EmenbsiHoB Bnagucnas Hukonaesuy, 4.T.H., mpodeccop, podeccop
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PABOYASA ITPOI'PAMMA JUCIHUII/INHBI
JUHAMUKA U IPOYHOCTh KOHCTPYKIUM

Pa3pesnbl padoueii mporpaMmsl

1. HEJIM OCBOEHUA JUCHUITIMHBI

2. MECTO JMCLHUIIMHBI B CTPYKTYPE OOIT BO

3. CTPYKTYPA 1 COOEP)XAHUE AVCHUWITIMHBI

4. ®OPMBI KOHTPOJIA OCBOEHUA JUCLHUATTIINHBI

5. YYEBHO-METOIWYECKOE 1 TH®OPMAIIMOHHOE OBECITEYEHME JUCIUITINHBI
6. MATEPMAJIBHO-TEXHUYECKOE OBECIIEUEHME JUCHUITIMHBI

IIpunoxenus K padoueii nporpaMMe AMCHMIUIMHBI
¢ TlpunoxkeHue 1. AHHOTaIWs paboueii MpOrpaMMel

o TIpunoxxenue 2. TexHosmornu u ¢hopMs! 06ydeHHsT
o Tlpunoxenue 3. GOHABI OL|EHOUHBIX CPE/ICTB



1. E/IM OCBOEHUA AU CIIAIT/INHBI

HEHL}O OCBOEHHsA AWCLHWIIIMHBI ABJISAETCA (bOpMI/IpOBaHI/Ie c1eayrommux KOMHETGHL[HI;JII

TICK-4.1 — crioco6HOCTb pa3paGaTbIBaTb, OCBauBaTh U BHEJPATH TEXHOJ/IOT'MYECKHE TMPOLECChl U MaTepHaJibl [ MPOMU3BOLACTBA KOMITO3UTHBIX
KOHCTPyKL[PIﬁ, MOZe/IMPOBaTh TEXHOJ/IOTMYeCKUe ITPOLeCChbI IIPOXU3BOACTBA paKeTHO—KOCMH‘IECKOﬁ TeXHUKH

@DOpMHUPOBAHUIO KOMIETEHLIMH CIY)KUT JOCTIKEHHE C/Ie[YIOIUX Pe3y/ibTatoB 00pa3oBaHus:
IICK-4.1

3HAHUSL:

Ha YPOBHE TMpeACTaB/IeHU: 0CHOBBI UNC/IEHHBIX METOZIOB; OCHOBHbIE 3aKOHBI (DU3UKH, XUMUH;

Ha YPOBHe BOCIIPOM3BEJEHMS: METOJbl MOJE/MPOBAHUS IPOLIECCOB, B KOTOPBIX MMEET MeCTO B3aMMOJEWCTBME U B3aUMOBJIHsHHE
TIPOLIECCOB Pa3/IMYHON (PU3MUeCKOU TIPUPOABI;

Ha YPOBHE MOHUMaHWs1: PUHLIUITEI IPHMMeHeHNs] COBPeMeHHbBIX HH(OPMALIOHHBIX TEXHOIOTHI B HayKe U NIPeIMETHOM JlesiTelIbHOCTH;

YMeHust:

TeopeTHYeCKHe: CTPOUTh MaTeMaTHyeckue Mofend (U3WUeCKUX sIBIeHWH, XUMHYeCKUX IIPOLeCCOB, 3KOJOTHMYECKHUX CHCTeM;
WCIT0JIb30BaTh MaTeMaTHUeCKUH armapar ¥ HHGOPMaLOHHbIe TEXHOJIOTMH NPY U3YUeHHUH eCTeCTBeHHOHAYYHBIX AVCLIUILIVH;

MpaKTHUeCKYe: MPOBOANUTb (M3NUECKUH M XMMUYECKHH KCIIePUMEHTbI, aHaJM3UpOBaTh Pe3y/IbTaThl IKCIIEPUMEHTA C TPUB/IEYEHHEM
METO/IOB MaTeMaTHUeCKOH CTaTUCTUKM M WH(GOPMALMOHHBIX TEXHOJIOTHMH; HCIIONb30BaTh MaTeMaTUYeCKHH ammapar ¥ WH(OpMalMOHHbIE
TeXHOJIOTHH TPY U3yYeHUH eCTeCTBeHHOHAYYHbIX JUCLIUIUIVH,;

HABbIKU:

B/Ia[IEHUs] OCHOBHBIMH AHA/IMTUUECKAMH U UNC/IEHHBIMH METOAAaMH pelieHus anrebpanueckux U AuddepeHianbHbIX YPABHEeHHM U UX
CHCTEM; OCHOBHBIMH METOJAMU TEOPETUUECKOTO U IKCIIEPUMEHTA/IHOTO UCC/IEA0BAHMS (PU3MUECKUX U XUMUUECKUX SIBJIEHHH, METOAAaMH MOKCKa
1 06paboTKu nHGOPMaLUK Kak BPYUHYIO, TaK ¥ C IPUMEHEHHEM COBPEMEHHBIX MH(POPMALIMOHHBIX TEXHOJIOTH.

4 24002



2. MECTO JUCHUAII/INHBI B CTPYKTYPE OOII BO

Juciunmza JUHAMUKA Y IIPOYHOCTHh KOHCTPYKIIUM siBnsieTcss AUCHUTIIMHON YacTH, (JOPMHPYeMOii y4aCTHHKAMH
o0pa3oBaTe/IbHBIX OTHOLIEHHH 0/10Ka 1, MpOrpaMMBbI TIOATOTOBKH 110 Haripa/ieHuto 24.03.01 PakemHbie KOMNAEKChbl U KOCMOHABMUKA.

Copep>kaHue JUCLIMTUIVHEI SIBJISIeTCS JIorMueCcKuM npogopkeHreM aucuuruind: COITIPOTUBIIEHUE MATEPHAJTIOB.
TpegBapuTenbHbIE KOMIIETEHLIMH, CHOPMUPOBAHHBIE Y 00yUaIOIIerocs A0 Havaia N3yueHus AUCLUTLIUHBL:

e OIIK-1 — Cniocoben TMPpUMEHSATH €CTeCTBEHHOHAYyYHbIe 1 06H.IEI/IH)K€H€prIe 3HAHWsA, METOAbl MaTeMaTHUYeCKOI'0 aHa/Ih3a U
MOZe/IMpOBaHus, TeOPETUUYECKOI'0 U 3KCIIeEPUMEHTA/IbHOI'O UCC/1eJOBaHUA B HpO(DECCHOHaHLHOﬁ AedaTe/IbHOCTH



3. CTPYKTYPA U COAEPXKAHUE MU CHUIT/IMHBI

OO011iast TPy0eMKOCTb JUCLIMIUIUHBI COCTaBsieT 3 3.e., 108 u.

3.1. CopeprxaHue (AUAAKTHKA) JUCHHIUIMHBI

KYPC

CEMECTP

HaumMeHoBaHuUe pPa3/e/ioB M IMIAKTHYECKHX eIHHHIY

BCETO

AyauTopHBIe 3aHATHSA
B KOHTAKTHOIi (hopme

BCEI'o

Jlekuun

IIpakTuueckue

3aHATHA

CamocrosiTeIbHast
pabora cTyjeHTOB

DopmupyeMast
KommneTeHuus1, %

TICK-4.1

Pasgen 1. O01mas XapaKTepHCTHKA IPOLIECCOB CONPOBOXKAAIIMX PaGoTy KOHCTPYKumH. COBPeMEHHOe COCTOSHHE
CPe/ICTB 1 MEeTOZ[0B MaTeMaTH4eckoro 1 Gpu3nueckoro Banus. HanpsokeHHO-/iedo cocTosiHMe
ynpyroro Tesa. TeH30p HarpsbkeHuii, TeH30p Majibix edopmaluii. KoHeutbie gedopmarun. CicTemMa ypaBHeHHI TeOpUH
YIPYrOCTH. YC/IOBHsi COBMeCTHOCTH. OO1iiasi OCTaHOBKA 33/1ay JIMHEeIHOi TeOpHH yNpYroCTH. YpaBHeHHs B HaNpPsDKeHHSIX
B TiepeMeleHusX. MarpuyHas opMy/IMpOBKa 3ajia4 TeopuH yrpyrocty. [Tockas 3ajiaua Teopuu ynpyroctu. Ilnockoe
Har| COCTOsIHUE U TI0CKast fed DyHKLMS Harl it Oiipu. Teopust MIACTHYHOCTH.
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Paspen 2. PacnpocTpaHeHHe BOJIH B YNIPYTOii CTIJIONIHON cpejie. Bo/HBI CKaTHst M BOMHBI HCKakeHUst. OTpakeHHe n
nipe/ioMsieHHe BOJTH. TTOBePXHOCTHBIE BOJTHBI.

Paspen 3. T )] Ci 3aja4ya TeOpuH ynpyroctH. TerionpoBogHOCTb B aHH30TPOITHOM
Tese. Ter10BOi yzap. 3ajjaua o BHE3aIIHOM Harpese no/ynpocTpancTsa. TeruioBbie BonHbL [unep6onnueckoe ypaBHeHue
TerIONpPOBOHOCTH.

Pas3jien 4. Teopus oGosioueK. Bee/ierne B TeOPHIO MOBePXHOCTeH. KpHBO/HHEiiHbIe KOOP/HHATBI Ha MTOBEPXHOCTH.
MowmenTHast 1 Ge3MoMeHTHast Teopusi 060/104eK. [JnHamuyeckue 3ajaun Teopun 0601ouek. OBO/IOUKH B [IOTOKAX.

Pasjien 5. Teopus pa3pymennsi. Maremariueckie MO/e/IU XPYTIKOro paspyLieHus. Teopusi TpeluH. SPo3UOHHOe
paspyurenne. Karactpodrl. Maremarnyeckue 1 hpusnueckrie Mojeny KaTacTpopuUIecKuX siBIeHNH B JUHAMUKe U
POYHOCTH KOHCTPYKLMii M MaTepHasioB.

Paspen 6. Kue 3aaun. Teopust ycToiunBocTH. Moyja/bHblii aHa/IM3 KOHCTPYKLMIA.

Pa3jen 7. YaapHoe Bo3jjeiicTBHe H HMIT/IbCHOe Harpy)xenue. BaauMoelicTB1e y/japHbIX BOJIH C BeL|eCTBOM. Y/lapHble
BOJTHBI B KOH/JEHCHPOBAHHBIX Cpejiax.

Pasjien 8. BemecTso H KOHCTPYKIMH TIPH BO3/eiiCTBHH BBICOKMX KOHIIEHTpPauuii sHepruu. Bo3zelicTBre n3nyuennii
BbICOKO MOILIHOCTH. Mo/Ie/v TerIoBoro paspyuienust. ITporiecchl BHICOKOMHTEHCHBHOTO Harpy)KeH sl B COBPEMEHHBIX
‘TexHosorusix. O630p sIB/IEHNH, MO/e/Iel U TIePCIIeKTHB.

Pasgen 9. unp TIOCTaHOBKa 3a/jau TeopuH ynpyroctd. OCHOBBI METO/ja KOHEYHOTO
S/71eMeHTa Ji/is pellieHHst 3aja4 HanpsKeHHO-/Ie)OPMUPOBAHHOTO COCTOSHHS. TTOHSATHE O MeTo/le TPaHWYHOTO /IeMeHTa.

Pasjien 10. CoppeMeHHbIe naKeTHbIe TexHonoruu. Coepementbie nakets! 1 CAE (Computer Aided Engineering)
‘TexHosoruu petenus 3agau HJIC. CAIIP B 3apauax H/C.

20

16

Paspien 11. Hanucanne pedepara. Harcanue pedepara Ha MHAMBHyanbHY0 Temy. [T04r0OTOBKa, BBINONTHEHHE 1
Tipe3eHTaLus pedepara.

15

Bcero 3a 8 cemecTp

108

65

39

26

43

100

Bcero no guciunInHe

108

65

39

26

43

100

3.2. AyAMTOPHBII IPAKTHKYM

Homep U HaMMEeHOBaHHe pa3je/ia

AMCLUTTHHBI

Tema NPAaKTHYeCKOI'0 3aHATUA

Oonem,

aya.
YyacoB

Pasgen 1. Ob1mjast XapakTepruCTHKa
MPOLIECCOB COMPOBOXKAAOIIUX PaboTy
KOHCTPYKLUH.

xapakrepHeix H/IC B Tesne.

PaCCMOTpEHI/Ie TIpPUMEPOB U pellieHrne TIPaKTUYeCKUX 3a/Ja4y, HalipaB/IeHHBIX Ha U3yUYeHue
naHHoro pasgena. ITpaktiueckast pabora Ne 1. OrnipeiesieHue IJIaBHBIX HarpaB/ieHUH U

Pazgen 3. TepmoauHaMuKa
nedopMaryu.

[JAHHOTO pasziena.

PaCCMOTpeHI/Ie TIPUMEPOB U pellleHue MpakKTHYeCKUX 3a/1a4, HaripaB/IeHHbIX Ha U3yYeHHe

Paspen 4. Teopust 060/104€eK.

[IAHHOTO paszena.

PaccMoTpeHre IPIMEPOB U pellieHre MPaKTHUeCKUX 3a/ja4, HallpaB/IeHHbIX Ha U3yuyeHue

Pasgen 5. Teopust paspyiieHusl.

[JAHHOTO pasziena.

PHCCMOTPQHI/IE TIPUMEPOB U pellleHre MPpakKTHYeCKUX 3a/1ad, HaripaB/IeHHbIX Ha U3yYeHue

Paspen 9. BapuarjonHas u
[IpOEKIIMOHHAsI TOCTAaHOBKa 3a7iau
TEOPHUH YIIPYTOCTH.

[IAHHOT'O paszena.

PaccMoTpeHre NPIMEpPOB U pellieHre MPaKTHUeCKUX 3a/ja4, HallpaB/IeHHbIX Ha U3yuyeHue

Pasgen 10. CoBpemMeHHbIe MakeTHbIE
TEXHOJIOTHH.

PaccmoTpeHye NpUMepoB U pellleHHe MpakKTHUecKUX 3a/ay, HarpaB/leHHbIX Ha U3yueHue
naHHoro paszesna. OcHoBbl npuMeHeHuss CAE-nakeToB fs perenus 3agad H/IC.

Bcero 3a 8 cemecTp

26

3.3. CamocrosiTesnbHas padora cryaenrta (CPC)

Homep u HauMeHOBaHUe pa3jeia
JUCLUIUIHHBI

CopepixaHue yueGHOro 3ajaHus

O0bem,
JacoB

Pasgen 1. O61jas XapaKTepUCTHKA MPOLeCCOB
COTIPOBOXK/JAIOIMX PabOTy KOHCTPYKLMH.

CamocTosiTenibHast npopa60TKa AUAAKTUYeCKUX eAUHUL] IaHHOI'O pa3jesia.

xapakTtepHbix HIC B Tese.

TIpaxkTrueckast pabora Ne 1. OnpeziesieHye I/IaBHBIX HarlpaB/ieHUH U

Paszgen 2. PacripocTpaHeHye BOJIH B YIIPyTOi
CTUIOIITHOW cpefie.

CamocTosiTenibHast rlpopa60TKa AUNAKTUYeCKUX e IUHUL] IaHHOI'O pa3zesia.

Paspen 3. TepmozpuHamyiKa AehopMaryy.

CamocrosiTesibHasi MpopaboTKa AUJaKTUUeCKUX eMHUL] JAHHOTO pa3zena.

Paspen 4. Teopust 060/104€eK.

CamocTosiTenibHast npopa60TKa AUAAKTUYeCKUX eIUHUL] aHHOI'O pa3zesia.

Paspen 5. Teopust paspyiueHust.

CamocrosiTesibHasi MpopaboTKa AUJaKTUUeCKUX eJMHUL] JAHHOTO pa3zerna.

Pazgen 6. [JuHamuueckye 3afauu.

CamocrTosiTesibHasi MpopaboTKa JUAAKTHUECKUX e[JMHHUL] JAHHOTO pa3zena.

© (Njou|lk~|] W

Paszgen 7. YaapHoe BO3JeliCTBHE U UMITY/IbCHOE
Harpy’keHue.

CamocrosiTesibHast MpopaboTKa AUJaKTHUeCKUX eJMHUL] JAHHOTO pa3zerna.

N ININININ N

Paszen 8. BeljecTBO ¥ KOHCTPYKLIUM TIPU
BO37eHCTBUM BBICOKUX KOHLIEHTPALUi SHEePruu.

CamocrTosiTesibHasi MpopaboTKa JUJAKTHUECKUX e[IMHHUL] JaHHOTO pa3Zena.

10

11

Paspen 9. BapuarjuoHHasi U IpoeKL{MOHHAas
[T0CTAHOBKA 3a/ja4y TeOPUH yTIPYTOCTH.

CamocTosiTenibHast Hpopa60TKa AUAAKTUYeCKUX eAUHUL] IaHHOI'O pa3jesia.

TIpakTuueckasi pabora Ne 2. YaapHoe Harpy>xeHue Tei

12

Pasgen 10. CoBpemMeHHbIe NTaKeTHbIE
TeXHOJIOTHIU.

TEXHOJIOTHUH.

IMpaktrueckast pabora Ne 3. Pacuetr HZIC Tena B cpeze nakera CAE-

N RN

6
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Ipaktrueckas pabora Ne 4. PellleHue cOnpspKeHHOU 3ailaur ra30BoOH 2
JIMHAMUKK Y IPOYHOCTY B 371eMeHTax KOHCTPYKLIMM SHeproyCTaHOBKHU.

14 |Pazgen 11. Harmucanue pecdepara. Haricanue pedepara Ha UHIUBHYa/IBLHYIO TEMY. 15
Bcero 3a 8 cemecTp 43
4. ®OPMbI KOHTPOJI1 OCBOEHUA JUCOUILI/IMHbI
CEMECTP HEJE/IN CEMECTPA
4 5 6 7 8 9 | 10 11 12 13
8 KB Ortu. mo T13 [P | KB Otu. no 113 KB | [P Otu. mo 113 Ped, aud. 3au.
YenoeHble 0603HaUeHVs:
e JIP — qpiarHoCTHYeCKasi paboTa;
o KB — KOHTpO/bHBIE BOIPOCHI;
e Ortu. no [13 — oTUeT No NpaKTUUECKOMY 3aJ,aHHUIO;
o Pe¢ — pedepar;
o (. 3au. — A depeHIIPOBaHHBIN 3aUeT.
TeKymii KOHTPOJIb YCIIeBaeMOCTH CTY/|eHTOB IIPOBOZUTCS B IUCKPETHbIE BpeMeHHbIe HHTepBaJIbl B C/ieflytoIux popmax:
e [MarHocTUueckas pabora;
*  KOHTDOJIbHbIE BOTIPOCHI;
e OTYeT I10 MPAaKTUYEeCKOMY 3a/JaHUIO;
e pedepart.
ITpoMe)xyTouHas aTTecTausa IPOBOAUTCS B popMax:
o muddepeHIMPOBaHHBIN 3aUeT.
7 24002



5. YYEBHO-METOJIMYECKOE Y1 MTHO®OPMAIIMOHHOE OBECIIEYEHUE
JVICIITLIAHBI

5.1. OcHOBHas MTepaTypa No AUCLUIIIMHE:

. B. 1. IMoropesios. . CTpouTenbHasi MeXaHWKA TOHKOCTEHHbIX KOHCTpyKLuii. CI16.: BXB-ITetepbypr, 2007, 194 3K3.

. B. H. EMenbsiHOB. . MeXxaHHKa CIUIOILITHOW CpeJibl: TeOpHsl HAalpsDKeHHU M 0CHOBHBIe Moziesid. Mockga: FOpaiit, 2020, 3. pec.

. B. H. EmenbsiHoB, B. A. Auucumos, Y. B. TetepuHa. . MojenMpoBaHye BbICOKOMHTeHCHBHBIX miporieccoB. CI16.BI'TY "BOEHMEX" um.
[. ®@. YctuHoBa, 2013, 31. pec.

. B. H. Emenbsinos, C. O. 3gopoBenuH, C. C. Kpaes. . ANSY S-nipaktukym. CI16.BI'TY "BOEHMEX" um. [. ®. Yctunosa, 2005, 371. pec.

. C. B. ®ananees. . CoBpeMeHHbIe Ipo6/IeMbI CO3/IaHUS iBUTaTeIel eTate/bHbIX anmaparoB. CamapabI'TY "BOEHMEX" um. [I. @.
YcruHoBa, 2012, 351. pec.

6. }O. B. CxBopuos, C. B. I'nyuxos, A. . XpomoB. . MogeMpoBaH/e KOMITO3UTHBIX 3/71eMEeHTOB KOHCTPYKLIMH U aHa/Iu3 UX pa3pyLleHus B

CAE-cucremax MSC.Patran-Nastran 1 ANSYS. CamapabI'TY "BOEHMEX" um. [I. ®. YctuHosa, 2012, sm1. pec.

5.2. [lonosHUTebHAs TUTEpaTypa Mo AUCLUIUIHE:
He TpebyeTcs.

5.3. [leproguueckye U3faHus:
He TpebyroTCsl.

5.4. TlepeueHb pecypcoB HH(POPMALMOHHO-TeJIEKOMMYHHUKALIMOHHOM ceTH "VIHTepHeT", HeoOXOAUMBIX [/l 0CBOEHMSI JUCLIUIUIUHBI, 3/IEKTPOHHbIE
616IMOTeUHbIe CUCTEMBI:

1. https://e.lanbook.com/ — 3BC Jlans;

2. https://urait.ru/ — I'maBHast — O6pa3oBaresibHas riargopma FOpaiit. [I/1s1 By30B U CCy30B.;

3. http:/library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=474 — ®yHgamenTanbHas 6ubmoreka BI'TY
«BOEHMEX» um. [].®. YctuHOBa.

CoBpemeHHbIe TpodeccroHa/bHbIe 6a3bl JaHHbBIX:
1. https://rusneb.ru — HaumoHnanbHast anekrponHast bubmoreka (HOB);
2. https://cyberleninka.ru/ - HayuHast anekrponHast 6ubnoreka «KubepieHUHKa»;
http://www.rfbr.rwrffi/ruw/library - ITonHOTeKcTOBas 3/1eKTpoHHas 6ubnroreka Poccutickoro donga dyHAaMeHTaIbHbIX UCCIe[0BaHUI.
VH(bOopMaLIOHHBIE CTIPaBOYHBIE CHCTEMBI:
1. Texakcrept — MH)OPMALIMOHHBIH MOPTa/I TEXHUUECKOTO PeryanpoBaHus: HopMel, paBuia, CTaHAapTel PO;
2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=457 - Bl TOCTor cobcTBeHHO#1 reHepauyu BI'TY
"BOEHMEX" um. [I. ®. YcTuHOBa;
3. http://www.consultant.ru/- KoncynsrantlIIntoc- vHpOpMaLMOHHBIN TTOpTas IpaBoBON MHGOPMAaLWH.

5.5. IIporpamMmHOe obecrieueHue:

1. Ansys Multiphysics 2019 Teaching Advanced;
2. Matlab 2015a SP1.

5.6. In(hopMarioHHbIE TEXHOIOTHH:

B3auMogeiicTBue ¢ obyuarotmmucs nocpeactsom OMOC Moodle BI'TY «t BOEHMEX» um. I.®. YcTHOBA.
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6. MATEPUAJIBHO-TEXHNYECKOE OBECIIEYEHUE JUCIUITI/IMHBI

6.1. JIeKIjMOHHBbIE 3aHATHUA:
CcrieLMaM3upoBaHHbIe TPeOOBaHHs M0 000PYA0BAaHHIO OTCYTCTBYIOT; ay[JUTOPHSI C MOCAJOUHBIMH MECTaMH T10 KOJIMYECTBY CTYAEHTOB;

JIOCKa.

6.2. ITpakTHYeCcKHe 3aHATHA:

1. ITpoekTop;
2. Ansys Multiphysics 2019 Teaching Advanced;

3. Matlab 2015a SP1.

6.3. ITpouee:
1. pabouee MecTO IperioziaBare;ist, OCHAILlEHHOE KOMIILIOTEPOM C JJOCTYIIOM B VIHTepHeT;
2. pabouue MecTa CTYAEHTOB, OCHaIlleHHble KOMIBIOTEPAMU C JOCTYIIOM B VIHTepHeT, pe/jHa3HaYeHHbIe [JIs PabOThI B 3/1eKTPOHHOH

obpasoBaresibHOI cpefie.



IIpnnoxenue 1
K paboueii mporpaMme JHCIMILTHHBI
JUHAMMKA U ITPOYHOCTh KOHCTPYKIIUA

AHHoTanus pa6oyeii nporpaMMsI

Juciymimna JUHAMUKA W TTPOYHOCTD KOHCTPYKI.[PIFI SIB/ISIETCS IVCIUIUIMHON YacTH, (opMupyeMol y4acTHHKAMHU
o0pa3oBare/IbHBIX OTHOLIEHWH O/0Ka 1, mporpaMmbl MOATOTOBKM TO HampaBneHuto 24.03.01 PakemHble KOMNAEKCbl U KOCMOHABMUKA.
MuciyuimHa peanusyercss Ha ¢akynsreTe A PakerHo-kocMmuueckod TexHukd BI'TY "BOEHMEX" wum. [.®. YcruHosa Kadegpoir A9
TIJIABMOT'A30INMHAMUKA U TEIIJIOTEXHUKA.

JycipuivHa HatjesleHa Ha (OpMEPOBaHHe KoMnemeHyuil:
TICK-4.1 criocobHoCTh pa3pabarbiBaTh, OCBaMBaTh W BHEAPSATb TEXHOJIOTHUECKHME TPOLECChl M MaTepHasbl Jis TIPOU3BOJCTBA KOMIO3UTHBIX
KOHCTPYKLHMH, MO/Ie/TMPOBATh TeXHOJIOTHUEeCKHe TPOLIeCChI TPOU3BO/CTBA PAKETHO-KOCMUUECKOH TEXHUKH.

CopepkaHue [WCLMIUIMHBI OXBAaThIBAaeT KPYr BOIMPOCOB, CBS3aHHBIX C OBJAZeTh METOJAMH DPacyeTHOTO MOZEIMPOBAHMS HarpsDKEHHO-
1e)OPMUPOBAHHOTO COCTOSIHUSI TeJT U COMPSDKEHHBIX 3a7lad TepMO- M a’pOyNpyrocTd B 0OBEKTaX HOBOW TEXHHKH Ha OCHOBE COBPEMEHHBIX
MH(pOPMaLMOHHBIX TEXHOJIOTUH.

IIporpaMmoii AUCLUIIINMHBI TIPe/lyCMOTPEHbI C/le/lyIolle BUALI KOHTPOJIS:

TeKylIMii KOHTPO/Ib YCIIeBAeMOCTH CTY/IEHTOB TIPOBOJIUTCS B IMCKPETHbIE BpeMEHHbIe HHTEPBA/IbI B CJIEAYIOIMX (GopMax:
e JMarHOCTHYecKas pabora;
e KOHTDOJIBHBIE BOTIPOCH;
e OTYET I10 [TPAaKTHUYECKOMY 3a/IaHHIO;

e pecepar.

ITpomexxyTouHas aTTecTalus POBOAUTCS B popMax:
o middepeHIPOBAHHBIN 3aUeT.

O6111ast TPYJOEMKOCTb OCBOEHHsI AUCLUIUIMHBI cOCTaBsisteT 3 3.e., 108 u. [IporpaMMoii JUCLIUMIIAHBI TIPeAYCMOTPEHBI JIEKLIMOHHbBIe 3aHsTus (39
4.), IpakTHUUeCKHe 3aHsATHs (26 u.), camocTosTenbHast pabota ctyzeHTa (43 u).
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IIpnnoxenue 2

K paboueii mporpaMme JHCHMILTHHBI
JUHAMMKA U ITPOYHOCTh KOHCTPYKIIUA

TEXHOJIOTU 1 ®OPMbI OBYUEHUSA

PeKOMeH}.'[alll/Il/l 10 0CBOEHUK NUCLMIVIMHBI V1Al CTyJl€éHTa

Tpya0eMKOCTb 0CBOEHUSI AMCLMITIMHBI cocTaBrsieT 108 u., u3 Hux 65 4. ayJUTOPHBIX 3aHATH, U 43 4., OTBE/IeHHBIX HAa CAMOCTOSITE/TbHYIO

paboTy cTyieHTa.

PexkomeH/iallUM TI0 pacripefie/ieH|I0 yueOHOro BpeMeHH M0 BH/IaM CaMOCTOSITeNbHOM paboTbl M pasjesiaM JUCLMIUVIMHBI NPUBEAEHbI B

TabnuLe.

KOHTPO]'II: OCBO€HUA NUCHUIIIMHBI ITPOU3BOAUTCSA B COOTBETCTBUU C ITonoxxenvem o TeKyLieM, py6€)KHOM KOHTPOJIE YCIIEBAEMOCTU U

MIPOME’KYTOUHOH aTTeCTalliy 00yUYaroIuXCs.

@DopMBI KOHTPOJIS 1 KDUTEPUH OLIeHUBaHHUsl IPUBeieHbI B MPUIOKeHUH 3 K Paboueii mporpamme.

HaumeHoBaHMe padoThI PexomMeHpyemas 1uTeparypa ’I‘pym;?zKOCTb’
Paspesn 1. O01ias xapaKTepHCTHKA MPOLECCOB CONMPOBOXK/AIINX PadoTy KOHCTPYKI{HH.
CamocrosiTesbHasi popaboTKa . .
B. H. EMenbsiHOB. . MexaHHKa CILIOLLHOM Cpe/ibl: TeOpHsl HallPSUKeHU! U 1
AMATKTMHOCKMX CAMHMN AAHFOTO PasAena. ocHOBHBbIe Mogienin: Mocksa: FOpaiit, 2020 (1 - 5)
IIpaxTireckas pa60Te‘1‘ Ne 1. Onpepenerme C. B. ®ananees. . CoBpeMeHHbIe TIPO6/IEMBI CO3aHUsI IBUTaTesiell neTatelbHbIX
FBHTE':::IX Harpar/ieHuH ¥ XapakTepHEIx HAC anmapatoB: CamapabI'TY "BOEHMEX" um. [1. ®. YctuHoBa, 2012 (1) 4
Wroro no pa3geny 1 5
Pa3pgen 2. PacipocTpaHeHHe BOJIH B YIIPYroy CIUIOLIHOM cpefe.
CamocrosiTesibHast popaboTka B. H. EmesnbsiHOB. . MexaHUKa CIUIOIIHOM Cpe/ibl: TeOpHsl HarpshkKeHuH U )
IUAKTAYeCKUX eIMHUL] JAHHOTO pa3zena. ocHoBHBIe Mogenn: Mocksa: FOpaiit, 2020 (6)
Wroro no pasgeny 2 2
Paspen 3. Tepmoaunamuka aedopmanuu.
CamocrosiTesibHasi popaboTKa B. H. EMenbsiHOB. . MexaHVKa CIIJIOLIHON Cpe/ibl: Teopyst HanpsyKeHUH U 5
[UIaKTUYeCKUX eIMHUL] JaHHOTO pa3zesa. ocHoBHBIe Mogenn: Mocksa: FOpaiit, 2020 (5)
Wroro no pasgeny 3 2
Paspen 4. Teopus 000/104eK.
CamocrosiTesbHasi popaboTKa B. 1. IToropenos. . CTponTe/bHasi MeXaHUKa TOHKOCTEHHBIX KOHCTPYKLUA: 2
UaKTUYeCKUX eJHUL] JaHHOTO pasfesa. CII6.: BXB-Iletepbypr, 2007 (6 - 11)
Wroro no paspeny 4 2
Paspgen 5. Teopus paspyimenusi.
FO. B. Cksopuog, C. B. I'nymikos, A. Y. Xpomos. . MogenupoBaHue
CamocrosiTesbHasi popaboTKa KOMITO3UTHBIX 2/1eMEeHTOB KOHCTPYKLMH U aHa/mM3 ux paspyuieHusi B CAE- ’
IUAKTUYeCKUX e/IMHUL] JAHHOTO paszerna. cucremax MSC.Patran-Nastran u ANSYS: CamapabI'TY "BOEHMEX" um. [I.
®. YeruHoBa, 2012 (1 - 3)
Wroro no pasgeny 5 2
Pa3pen 6. [luHamMuuecKHe 3afauu.
CamocrosiTesibHast popaboTka B. . Iloropenos. . CrpouTtenbHasi MeXaHHKa TOHKOCTEHHBIX KOHCTPYKLIMH: 2
UIAKTHYe CKUX eIUHULL IAHHOTO pa3jesa. CII6.: BXB-IIetep6ypr, 2007 (13)
Wroro no paszeny 6 2
Paspen 7. YaapHoe Bo3jieliCTBHe U MMITY/IbCHOe Harpy>keHue.
CaMocTosTebHas mpopaGoTka B. H. EmenbsHoB, B. A. Anucumos, 1. B. Terepuna. . MogenuposaHue
BBICOKOMHTEHCHBHBIX miporjeccos: CII6.BI'TY "BOEHMEX" um. /1. @. 2
UAKTUYeCKUX eJUHULL IaHHOTO pa3zjena. Yerurosa, 2013 (9)
Wroro no pasgeny 7 2
Paspen 8. BerjecTBO M KOHCTPYKI{UH NPU BO3/[e/ICTBUH BHICOKUX KOHIIEHTPALMi YHepruM.
CaMocTosTe bHAs POPatoTKa B. H. EmenbsHoB, B. A. AHucumos, 1. B. Tetepuna. . MogenupoBanve
BBICOKOMHTEHCHBHBIX nporjecco: CI16.BI'TY "BOEHMEX" um. [I. . 2
IUAKTUYeCKUX e/IUHULL IAHHOTO paszena. Yerunosa, 2013 (10)
Wroro no paszeny 8 2
Paspen 9. BapuanuoHHas M NpoeKIMOHHAs NIOCTAaHOBKA 3a/1a4 TeOPHUH YNPYTOCTH.
CamocrosiTesibHast popaboTKa FO. B. Cksopuos, C. B. I'mymkos, A. 1. Xpomos. . MogenupoBaHue 1
UaKTUYeCKUX eJMHUL] JaHHOTO pasfesa. KOMITO3WTHBIX 3/IEMeHTOB KOHCTPYKLIMI 1 aHa/imu3 ux paspyiieHus B CAE-
TMpakTrueckast pabora Ne 2. YiapHoe crucremax MSC.Patran-Nastran u ANSYS: CamapabI'TY "BOEHMEX" um. /1. 4
HarpykKeHue Tejl ®. Ycrunosa, 2012 (14)
Wroro no pasgeny 9 5
Paspen 10. CoBpeMeHHbIe NaKeTHbIE TEXHOIOTHH.
IMpakTrueckast pabora Ne 3. Pacuer HIIC 5
Tena B cpefie makera CAE-TexHomorny. B. 1. INoropesnos. . CTponTe/bHasi MeXaHUKa TOHKOCTEHHbBIX KOHCTPYKLMH:
IpakTrueckast pabora Ne 4. Peienue CII6.: BXB-Iletepbypr, 2007 (14)
COTIPSDKEHHOM 3a/[au Ta30BOM JUHAMUKY 1 B. H. Emenesnos, C. O. 3goposennn, C. C. Kpaes. . ANSY S-npakTukym: 9
MPOYHOCTH B 37IEMEHTaX KOHCTPYKLIMK CII6.BI'TY "BOEHMEX" um. 1. ®. YctuHoBa, 2005 (1 - 4)
JHEProyCTaHOBKHU.
Wroro o pazzaeny 10 4
Paspen 11. Hanucanue pedepara.
Harmcanue pedepara Ha UHIUBUYa/IBHYIO | B. H. EmenbsiHOB. . MexaHHKa CIUIOIIHOW Cpe/ibl: TeOPHSI HaITPsDKeHUH 1 15
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TeMy. 0CHOBHbIe Mogienu: Mocksa: FOpaiit, 2020 (Bce 171aBbl)
Wroro no pasgeny 11 15
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IIpnnoxenue 3
K paboueii mporpaMme JHCIMILTHHBI
JUHAMMKA U ITPOYHOCTh KOHCTPYKIIA

®OH]I] OLIEHOYHBIX CPEJICTB

q)OH,E[ OLIeHOYHBIX CPeZICTB, MO3BOJIAOLME OLIEHUTh Pe3y/IbTaThl 06y‘{EHI/I$I 1o AaHHOﬁ [AUCLUIIIMHE, BK/IIOUAKOT B cebst:

e JuarHocTuueckas pabota

e OTYerT I10 [IPaKTUYeCKOMY 3a/laHuI0;
*  KOHTDOJIbHBIE BONPOCHI;

* pedepar;

e nuddepeHIMPOBaHHBIN 3aueT.

Kpurepuu onleHMBaHUA

JmarHocTuyeckas pabora
Iuarnoctuueckas pabora nposozutcs B popme Tecta B OVIOC Moodle:

¢ TIpU NPAaBUILHOM OTBeTe MeHee YeM Ha 60% BOIPOCOB - He aTTeCTaLys;
* TIpY NPaBUJILHOM OTBeTe Ha 60% BOMPOCOB U 6osiee - aTTeCTaLys.

OTueT 1o NPakKTHYeCKOMY 3a/JaHUI0

OTyer 1o npakTryeckomy 3aganuto (I13)
Oruet 1o I13 npezicTaB/sieTCs B MeYaTHOM BH/ie B popmare, rpelyCMOTpeHHOM 11abaoHoM otueta 1o I13. Otuet 1o T13 fo/mKeH cofepKarh:
- IOCTAHOBKY 3a/laul, MaTeMaTHueCKyt0 MOZle/lb U OCHOBHbIE PacyeTHbIe COOTHOLLEHHsI UCTI0/Ib3yeMbIX METO/|0B pelleHMs;
- CXeMy pacyeTHOH 06/1aCTH C XapaKTepUCTHKaMK CeTKH, KPaeBbIMK M HaYa/IbHbIMHU yC/IOBHSIMH, Peani30BaHHbIMU B DelllaeMOM BapHaHTe;
- rparueckoe npejcTaB/eHNe MoTyYeHHbIX Pe3y/IbTaToB;
- Ccoiep>KaHue UCC/Ie[JoBaTeIbCKOro 3a/laHusl, pe3y/bTaThl BBIYMCIUTETHOTO MOZeIMPOBaHUs], aHa/IU3 U BbIBO/bI 110 TIPOBEZ,eHHBIM
WCCIe/|0BaHUSIM.

3amura 13

3amura I13 npoxoauT B opme [oOK/Iaja CTyeHTa TI0 BBITIOJTHEHHOW paboTe ¥ OTBETOB Ha BOMPOCHI Npernogasaressi. [Iporeaypa 3aiuThbl
BKJ/IFOYaeT OTBEThI Ha BOIIPOCHI NIperofiaBare/is 1o paboTe U pasfeny Kypca. B xoge 3amurs! I13 06yyaromiiiecs J0/DKHbI IIPOAEMOHCTPUPOBATh
3HaHWs, YMEeHHA U HaBbIKU:

- Ky/ZIbTYPY peuu IIpY U3/10)KEHUH CBOMX MBbIC/Iel, JOTHYHOCTh B IOCTAHOBKe U U3/I0’KeHWU MaTepuarna,

- IOHKWMaHHe IMOCTAaHOBKHU 3a/1a4, 3HAHKE OCHOBHBIX 3/IEMEHTOB MaTemMaThye CKOi Mozesnu, C]JOpMy]IPIpOBKa Hava/IbHBIX ¥ TPAaHUYHBIX yCHOBHﬁ,
060CHOBaHHE OCHOBHBIX YIIPOLIAMOIIUX TT0JI0XKEHHI;

- yMeHHe OrpeJenuTb MeCTO UCC/IeJOBAHHOTO SIB/IeHUsI B KOHKPETHBIX TeXHUUeCKHX MPOLieccax U yCTPONCTBaX;

- yMeHHe aHa/IM3UpOBaTh M0/TyYeHHbIe pe3y/bTaThl U YMeHHe ITPOrHO3UpoBaTh XapaKTep MpOoLIeCCOB B TEXHUUECKHUX YCTPOICTBaX Ha OCHOBAHUU
T10/TyYeHHBIX JJaHHBIX;

- yMeHHe CaMOCTOsITe/IbHO MOZU(HUIIMPOBaTh MareMaTHueCcKye MOJe/Id U TIporpaMMHbIe CpeZiCTBa 1 Liesiell KOHKpeTU3aLy UK pacIlipeHust
obmacTy pUIOKeHUsT MOZiesield, HCII0/Ib30BaHHbIX B paboTe.

OrjeHKa 3amuTh! paboTs!l BeICTaB/seTcs 110 100 6a/ibHOM IIKasie ¢ yUeToM:

- BbIno/iHeHKe I13 — 40 6aswos,

- ohopmsieHHe TIOSICHUTE/bHOM 3arucky — 20 6aos,

- 3allUTa pe3y/bTaToB, OTBETHI Ha BONPOCHI U MX JIOTHKA, Ky/IbTypa peur — 40 6aioB.
I13 cuuraercs npuHATON npu Habope Gomee 80 6a1oB.

IlepeueHb MpaKTUYECKUX 3alaHu TipuBeZieH B Y MK AUCLMITIMHBL.

KoHnTpo/bHBIE BONIPOCHI

Kpurepun oLieHrBaHNs OTBETOB Ha KOHTPOJIbHBIE BOTIPOCHI.
OTBeTbI HA KOHTPOJIbHBIE BOIIPOCHI 10 OIpeZie/IeHHbIM pa3zenaM JUCLUIUINHBI OCYILeCTBISIOTCS B YCTHOH (opme. CTyAeHTY 3afar0Tcs 3
BOIIPOCA B PaMKax M3y4aeMoro paszera, /sl yCIelHOi arTecTaluy Heo6Xo4uMo NIPaBU/IbHO OTBETUTh Ha 2 U BbIlIe BOMPOCOB. OTBET Ha BOIIPOC
[IOJDKeH OBbITh NPaBU/IBHBIM, COZlep)KaTe/IbHbIM, apr'yMeHTHPOBAHHBIM.

CIHCOK KOHTPOJIbHBIX BOIIPOCOB:

. O6111ast xapaKTepHCTHKA MPOLIECCOB, COMPOBOKAAIOIUX PabOTy KOHCTPYKLH.
. CoBpeMeHHOe COCTOsIHME CPeJICTB U METO/I0B MaTeMaTHueckoro 1 (pM3n4ecKoro Mozie/IMpoBaHMUsl.
. HanpsokeHHO-ZlehopMHpPOBaHHOE COCTOSIHUE YIIPYroro Tesa.
. TeH30p HanpsKeHUH, TeH30p MasbIX JedopMaLuii.

. Koneunsle fedopmariyu.

. CucreMa ypaBHeHUI TeOPUU YIIPYTOCTH.

. YcnoBusi COBMECTHOCTH.

. O6111ast HoCcTaHOBKA 3a7ia4 JINHEHHOH TeOpUH YIIPYTOCTH.

. YpaBHeHus! B HalpsDKeHUSIX U B ITepeMeljeHuUsIX.

0. MarpuuHasi GopMy/TMpPOBKa 3a/ja4 TEOPUH YIIPYTOCTH.

1. IInockas 3aaua TeOPUM YIIPYTOCTH.

2. TInockoe HamnpspKeHHOe COCTOSTHUE U TI0CKast AedopMariysl.
13. dyHKLus HanpsyKeHUi DUpH.

14. Teopwusi NIaCTUYHOCTH.

15. PacripocTpaHeHue BOJIH B YIIPYTO# CIUIOLIHOM cpejie.

16. BomHBI CKaTUs ¥ BOJIHBI UCKa)KeHHUs.

17. OTpakeHue U MpeJioM/IeHHe BOJH.

18. IToBepXHOCTHBIE BOJIHBI.

19. TepmoarHamMyKa JjeopMaLiyiu.

20. Csi3aHHas 3a/ja4a TeOPUM YTIPYTOCTH.

21. Teny1onpoBOJHOCTL B aHU30TPOIHOM TeJle.

22. TeryioBOH yzap.

23. 3aziaua 0 BHe3aIllHOM Harpese I0/IyTIPOCTPAHCTBa.

== 000N WN =

13 24002



24. TeryioBble BOJHBIL.

25. Tunepbosiueckoe ypaBHeHMe TeryIoNpOBOJHOCTH.

26. Teopusi 060/104€K.

27. BBe/ieHUe B TEOPHUIO TIOBEPXHOCTEM.

28. KpuBosMHeHbIe KOOPJWHATHI Ha TIOBEPXHOCTH.

29. MomeHTHasi ¥ 6e3MoMeHTHast Teopusi 060/10ueK.

30. JHaMHuecKye 3a/lauu TeOpUM 000JI0ueK.

31. O60JI0YKH B TIOTOKAX.

32. Teopus paspylLeHuUs.

33. MaremaTuyecKre MOZIe/ A XPYTIKOTO pa3pyLleHHs.

34. Teopus TpelMH. JPO3MOHHOE paspylleHue.

35. Karactpodsbl. Maremarrueckue U ¢h13nueckKre MOfie/Id KaracTpo(uuecKrXx siB/ieHUH B JUHaMUKe Y IPOYHOCTH KOHCTPYKLMI 1 MaTepHaoB.
36. JuHamuueckue 3aauu.

37. Teopusi yCTONUUBOCTH.

38. Moga/bHblil aHanu3 KOHCTPYKLUHA.

39. YnapHoe Bo3eliCTBYe U UMITy/IbCHOe Harpy>KeHue.

40. B3auMogieiicTBUe yapHbIX BOJIH C BellleCTBOM.

41. YpapHble BO/HbI B KOH/|eHCUPOBaHHBIX Cpefiax.

42. Tlponukanue. Knaccudukariys siBeHUi pOHUKaHMUS.

43. SIBneHUs1 HEOTPAaHUYEHHOUN KyMYJISL[UN.

44. KymynsiTUBHBIH 3¢ (deKT B mporieccax MmpoOUBaHUs.

45. BellecTBO U KOHCTPYKLMH ITPY BO3J,eHCTBUH BBICOKHX KOHLIEHTPALMii SHepruu.

46. Bo3sgeiicTBre M3/1yueHUH BLICOKOM MOILJHOCTH.

47. Mopenu TemyioBOroO pa3pylIeHusl.

48. TIporiecchl BEICOKOMHTEHCHBHOTO HAarpy>KeHHsl B COBPeMEHHBIX TeXHOIorusx. O630p siBleHuH, Mozeneli 1 MepCIieKTHB.
49. BapraioHHas 1 IPOEKL{MOHHas! I0CTaHOBKA 3a/ja4 TeOPUH YTIPYTOCTH.

50. OcHOBBI MeTOZja KOHEUHOTO 3/IeMeHTa /i/Is1 PellieHUs 3a/ja4 HalpsDKeHHO-Ae(h)OPMHUPOBAHHOTO COCTOSHYSI.
51. INonsATHe 0 MeTOJE rPAaHUYHOrO 3/IeMEHTa.

52. CoBpemenHsle naketsl 1 CAE (Computer Aided Engineering) TexHomoruu pemenus 3agad HIC.

53. CAIIP B 3agauax H/IC.

Pedepar

Oo6bem pedepara — He MeHee 10...15 ctp. Obs13aTe/IbHO UCMO/Ib30BaHKUE He MeHee 3-X 0TeYeCTBEeHHBIX ¥ He MeHee 1-T0 MHOCTPaHHOTO
WICTOYHMKA, OyO/IMKOBaHHBIX B TIoc/ieHue 15 sieT. [TosicHUTe/TbHAs 3alicKa C TEKCTOM, PUCYHKaMU U rpavKaMH BBITIO/THSIETCS B PeIAKTOPe
“Word”. Ipoyeaypa 3aiuts! pedhepara BK/IIOUaeT OTBETHI HA BOIIPOCHI TPeMo/jaBarteisi, BHICTYIUIEHHE C TIpe3eHTallyell pe3y/abTaToB U
MO C/IeAYIOIMM TPYIIOBBIM 00Cy)xAeHreM TeMbl. B xoze 3amuThl pedepara obyuaroliyecs: JO/DKHBI IPOJ,eMOHCTPUPOBATh KY/IBTYPYy Pedu MpH
H3/I0)KEHUU CBOUX MblC]Ieﬁ, JIOTUYHOCTDL B ITOCTAHOBKE U U3J/IOXKEHUU MaTepualia, HEO6X0,E[I/IMI:IE Haua/lbHbIe 3HAaHMA 10 CYyLeCTBY O6Cy)K,E[ElEMOI>i
TeMBbI.

Kpurepuu orieHuBaHuUs

Ouenka pedepara BoicTaB/sietcst 1o 100 6a/IbHO# 1IKasie ¢ yUeToM:

- opopMITeHe TIOSICHUTE TbHOM 3arnucku — 30 6aios,

- TIOCTAHOBKA fI0KJ/1afia U jokuaz — 30 6aios,

- 3aIUTa Pe3y/IbTaToB, OTBETHI Ha BOTIPOCHI M X JIOTHKA, Ky/IbTypa peur — 40 6aioB.

PacnipeziesieHre 6a/UI0B IO 37IeMEHTaM:

- COOTBETCTBHE COZIeP>KaHVsl 3asIBJIeHHOM TeMe, OTCYTCTBHE B TeKCTe OTCTYIIIEHHH OT TeMbl 7 6ajiios;

- COOTBETCTBHE IIeJIsIM U 337iadaM JUCIUIIINHEI 7 0a/lioB;

- TIOCTaHOBKa MP0o6/1eMbl, KOPPEKTHOE M3/I0KEHHE CMBIC/IA OCHOBHBIX HAyUHBIX HJiell, UX TeopeTHuecKoe 000CHOBaHMe U 0ObsicHeHUe 8 6aIoB;
- JIOTUUHOCTB U N10CJIe[l0BaTeIbHOCTb B U3/I0)KEHUU Marepuaa 8 6auios;

- criocobHOCTH K paboTe ¢ UTepaTypHbIMU UCTOYHUKAMH, UHTEPHeT-DecypcaMy, CIIPaBOYHOM U SHLMK/IONeUYeCcKoi uTeparypoii 8 6a/os;
- 00BeM HCCrIel0BaHHOM JIUTEepaTyphl U APYTUX UCTOYHUKOB H(OpMaLiuy 7 6anios;

- B/Ia/leHHe MHOCTPaHHbIMU S3bIKaMH, UCII0/Ib30BAHNE HHOCTPAHHBIX HCTOYHUKOB 7 6asios;

- crioco6HOCTB K aHamM3y 1 060011eHHI0 MH(OPMALIMOHHOTO MaTeprarna, CTereHb MOJTHOTBI 0630pa COCTOsTHUS Borpoca 7 6anos;

- YMeHue U3BJ/leKaTh MH(POPMALHIO, COOTBETCTBYIOLIYIO [I0CTaB/IeHHOM Lie/i, U Nepepacrnpe/e/saTs UHGopMaLuto 7 6asos;

- HaBBIKM TUIAHUPOBAHWS U YTIpaB/IeHNs! BpeMeHeM MpH BBINOIHEHUH paboTe! 7 6asiios;

- 060CHOBaHHOCTH BBIBOZIOB 7 HaslioB;

- Ha/IMuMe aBTOPCKOW aHHOTALWH K pedepary 7 6auios;

- IPaBWILHOCTH 0(hOpMJIEHHs! (COOTBETCTBHE CTaH/APTY, CTPYKTYpPHasi YIOPSOUYeHHOCTh, CCBUIKY, LIUTATh, TAOMULBI U T.4.) 7 6asios;
- cobmogeHne 06beMa, PUGTOB, HHTEPBAIOB (COOTBETCTBHE 0(OPMIIEHNS ITPaBU/IaM KOMITBFOTEPHOTO Habopa TekcTa) 6 6anos.
Pedepar cunTaeTcst IPHHATBHIM ITPU Habope cTyzieHToM Oomee 85 6anos.

TIpumeps! TeM pedepaTos:

. CoBpeMeHHOe COCTOSIHHE CPEJICTB U METO/I0B MaTeMaTHueCcKoro ¥ (hpM3u4ecKoro Mo/ie/IMpoBaHMUsl.

. HanpspkeHHO-ZiehopMHUPOBaHHOE COCTOSIHUE YIIPYTOro Tesa.

. [Tnockoe HanpsiKeHHOe COCTOSIHME U TI0CKast ieopMariysi.

. TepmoavHamuKa fedopmariuu.

. CBsA3aHHas 3a/laua TeOpUH yTIPYyTroCTH.

. TersI0BOM yziap U TerioBble BOJIHBI.

. [lMHaMH1YecKye 3a/laurl TeOPUH 000JI0UEK.

. Teopus paspyiueHus.

. MaremaTr4eckrie MOZ,e/Ii XpYINKOro pa3pylieHusl.

0. Teopust TpelMH. DOPO3MOHHOE paspylleHue.

1. Karactpodsl. Marematuueckre u pusndyeckre MoJeny KaTacTpo(uueckux siB/leHUH B AHaMMKe U TPOYHOCTH KOHCTPYKLMHA U MaTepHasoB.
2. B3anMoyelicTBre yapHBIX BOJH C BEI|eCTBOM.

13. YpapHble BOJIHBI B KOH/IEHCUPOBAHHBIX Cpe/iax.

14. KymynsaTuBHbIH 3¢ ¢deKT B rporjeccax npobuBaHus.

15. Mogenu TernioBoro paspyLieHus.

16. TIporecchl BLICOKOMHTEHCHBHOTO Harpy>KeHUsi B COBPEMEHHBIX TexHosorusix. O030p siB/IeHUi, Mozieield U IIepCreKTHB.
17. BapualjoHHasi U NpoeKLMOHHas [I0CTaHOBKa 3a/lau TeOPUHM YIIPYrOCTH.

18. OCcHOBBI MeTO/Ia KOHEYHOT'0 3/IeMeHTa Jij1sl pellieHHs 3a/iau HarpshKeHHO-/1e)OpMHUPOBAHHOTO COCTOSHUSI.

19. IoHATHe 0 MeToJe TPAHUYHOIO 3/IeMeHTa.

=== 000N WN =
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MuddepeHupoBaHHbIH 3aueT
IuddepeHLMpOBaHHbIN 3a4eT, BK/IIOYaeT B ceDsi ZiBa TeOpeTUUeCKHUX BOMPOCA 10 BbIOOPY Mperoasaresisi U3 CIKUCKa BOIPOCOB IO
paszenam AUCLUILUIMHLL [lepeyeHb BONpocoB A/is AuddepeHLMpoBaHHOrO 3aueTta rpuBeseH B YMK UCLMIUIUHEL

3HaHusl, YMEHHS! U HaBbIKU CTYJ,EHTOB OIpe/le/IsIIOTCs CIe/lyIoIUM obpasom:

OLeHKH «3aUTeHO-0T/IHYHO» 3aC/Ty)KUBAET CTyeHT, 0OHapy>KUBILHII BCeCTOPOHHEe, CCTeMaThUecKoe U IyboKoe 3HaHKe yuyeGHOro Marepuana,
yMeHue CBOOO/HO BBINOJIHATE 33/jaHHs, TIPelyCMOTPeHHbIe POrPaMMOii, YCBOMBILHI OCHOBHYO M 3HAKOMBIH C [JOTIOMHNATE/IBHOM JTUTepPaTypoH,
PeKoMeH/J0BaHHOM rnporpamMmMoii. Kak npaBusio, oljeHKa «0T/IMYHO» BBICTAB/ISETCs CTy/leHTaM, yCBOMBIINM B3aUMOCBSI3b OCHOBHBIX MOHSATHI
[VICLIUIUINHBI B MX 3HAYeHUH 15 IprobpeTaeMoii mpogeCCHy, MPOsIBUBLIMM TBOPUECKHe CIIOCOOHOCTH B TOHMMaHUH, U3/I0KeHHUH U
WICIT0JIb30BaHHUH yueOHOTO MaTepHana.

OLeHKH «3auTeHO-XOPOILI0» 3aCTy>KHUBaeT CTYZEeHT, 0OHapY KUBIINH ITOTHOe 3HaHHe yueOHOT0 MaTepHasa, YCIeIlHO BBITOIHSIOMINHA
Ipe/lyCMOTpPeHHble B IIporpaMMe 3a/jaHusl, yCBOUBILMM OCHOBHYIO JIMTepaTypy, PeKOMeH/I0BaHHYO0 B porpamme. Kak npaBuio, oLieHKa
«XOPOILO» BBICTAB/IIETCS CTYAEHTaM, IT0Ka3aBIINM CHCTeMaTHUeCKU XapaKTep 3HaHUH 10 JUCLIUIUIFHE U COCOGHBIM K UX CaMOCTOSITE/IbHOMY
TIOTIOTHEHUIO U 0OHOBJIEHUIO B XO7ie Aa/bHelIeli yue6HOH paboThl ¥ IpodeCcCHOHATBHON JesTe/TbHOCTH.

OLIeHKH «3a4TeHO-Y0B/IeTBOPUTE/ILHO» 3aC/Ty>KUBaeT CTYAeHT, 0OHapy KMBILMI 3HaHHsI OCHOBHOTO yueGHOro Marepuasa B o0beme,
HeoOxoauMoM [17ist faibHedielt yuebbl 1 peACTosIiel paboThI 10 CreLUaibHOCTH, CIIPABISFOIIUICS C BBITOJTHEHHUEM 3a/laHu,
TIpelyCMOTPEHHbIX [IPOrpaMMOH, 3HaKOMBIM C OCHOBHOM JIUTepaTypoil, peKoMeH/I0BaHHOI nporpammoii. Kak rpasuio, orjeHKa
«y/IOBIIETBOPUTE/ILHO» BBICTAB/ISETCS CTYAEHTaM, [JOMYCTHBLIMM MOTPeIIHOCTH B OTBETe Ha 9K3aMeHe Y NPH BbIMOJHEHUH 9K3aMeHalMOHHbIX
3a/laHuH, HO 06/1aJjAr0IM He0OX0AUMBIMHU 3HAHUSMH [JISl UX YCTPAHEHHs M0/ PyKOBOACTBOM IIPETIOfaBaTeis.

OLeHKa «He 3a4TeHO» BBICTAB/IAETCS CTYeHTY, 0OHapy)KUBLIEeMY PO6esbl B 3HAHUSX OCHOBHOTO yueGHOro MaTepuasa, JOMyCTUBLIEMY
MPUHLMITHANBHBIE OIUIMOKHU B BLIMOJHEHUH [IPeyCMOTPEHHBIX IIPOrpaMMoii 3afjaHuii. Kak mpaBuio, oLieHKa «Hey0B/IeTBOPUTENBHO» CTABUTCS
CTyZeHTaM, KOTOpble He MOT'YT IPOAO/DKUTE 00yUeHHe WU NPUCTYIUTE K MPpoheCCUOHANBHOM JesiTe/IbHOCTH TT0 OKOHUaHHH By3a 6e3
JIOTIO/THUTE/TbHBIX 3aHSTHH 110 COOTBETCTBYIOLIEH AUCLUIIIHE.
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IMacriopT ¢oHAA OL|EHOUHBIX CPeJCTB

AyAuTOpHBIE 3aHATHA

: =
B KOHTaKTHOH (opme g °\‘ =
s g w0
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a zE - =
) - = @ g A
= o S s&x| £ & O
9 | © = .| E8 BE co
= HaumeHoBaHMe Pa3fie/IoB U JUJAKTHUECKUX eUHHIL] 73] o = g5 | §E e = g
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< = g | Eg| ©¢@ = HOo
= [==] X = T
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=2 E | 8| 3¢ - ==z
& O&| ¢ <9
= N = E
O =
= o
Paspen 1. O01iasn xapakTepPUCTHKA MTPOL{eCCOB Oruer no
4 8 COHHOBO).K al:)ll MX I:iﬁo I;(OHCT Kpl/[ﬁ 13 8 6 2 > > TPAKTHHECKOMY!
p AAIIUX pavoTy PyKIuu. 3a/1aHMIO
4 8 Pazgen Z.UPacrlpocrpaHenue BOJ/IH B YIIPYroH 6 4 4 0 2 10 KoHTposnbHbIE
CIJIOLIIHOM cpefie. BOMPOCHI
KoHTposnbHBIE
4 8 [Paspen 3. Tepmogunamuka gegopmanum. 7 5 2 3 2 10 BOTPOCET
4 8 |Paspmen 4. Teopus 060/10ueK. 9 7 4 3 2 10 Kourporbrbie
BOMPOCHI
KoHTponbHEIE
4 8 |Paspen 5. Teopus paspymeHus. 8 6 2 4 2 10 BOIPOCEI
4 8 |Paspen 6. JuHaMuuecKue 3a/jauH. 4 2 2 0 2 10 KourporeHere
BOMPOCHI
4 8 Paspen 7. YaapHoe Bo3/ieiCTBHE H HMITY/IbCHOE 4 > 5 0 5 10 KonTtposnbHble
Harpy)xeHue. BOIIPOCHI
4 8 Paspen 8. BeljecTBo M KOHCTPYKI[UH IIPU BO3/|eHCTBUH 7 5 5 0 5 10 KoHTpo/bHBIE
BBICOKMX KOHIIEHTPAI[Ui JHepruu. BOMPOCHI
Pa3pen 9. BapuanyionHas U NpoeKMOHHAast Oryer o
4 8 A J. Bapuart POCKIL 15 10 4 6 5 10  |mpakTHYecKomy
II0CTAHOBKA 3a/{ay TeOPHUH yNPYTOCTH.
3a/laHUI0
Otuer no
4 8 |Pa3pen 10. CoBpemeHHbIe IAKeTHbIE TEXHOIOTHH. 20 16 8 8 4 10 |mpakTHUecKomy
3a/]aHUI0
4 8 |Paspen 11. Hanmcauue pedepara. 15 0 0 0 15 5 Pecepar
Bcero 3a 8 cemecTp 108 65 39 26 43 100
Bcero no gucuuniuHe 108 65 39 26 43 100
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Kpurepuu onleHUBaHUA

IICK-4.1

Bonpocbl omkpbimozo muna:
Ne 1 B opToroHa/bHol cucTeMe KOOPJHMHAT X,Y,Z OChb Z, HOpMa/ibHasi K IJIOCKOCTH KOODAWHAT (X,y) UMeeT /iBa BO3MOXXHBIX HallpaB/IeHus.

Hapucyiite cxemy, KOTopasi OTBe4aeT IpaBoii CCTeMe KOOpAWHAT.

Ne 2 BepHo 1 yTBep>KJeHUe:

PaccmarpuBaeTcst 3a/jaua 0 pacrpocTpaHeHUH IJI0CKOM TepMOYTIPYTOi BOJIHBI, BO3HUKAIOLLeH B MOTyNPOCTPaHCTBe NP MTHOBEHHOM
HarpeBe ero rpaHuipl. COCTOsIHMe TeJla ONUChIBAETCSI CUCTEMOM ypaBHEeHU CBSI3aHHOM AYHaMM4eCKOM 3a/ja4u TepMOYIIPYTOCTH, KOTopast

uMeeT BUJ;

o o0
" u " u

ol
(A4 2;!IT = f ;
or* ;

+(3A 4+ 2u)ar—;

-} :
o= O

o ( J"“’u

— = poc— + (3 2u)aer T, i
pesgy T2+ wlarT Arot

Ne 3 Tlone mepeMelieHui TOUeK Cpe/ibl B OKPeCTHOCTH HEKOTOPOM BLIOPAaHHOM TOUKH OTIpe/ie/IsIeTCs BRIpOKEHHEM:

1 ( du da\T\ 1/[ du du\"

1, :_ -I-— — e +_
u(r) =ulro) + o\ = *\ & o\ ar ~ \ar

Kakoii uneH ypaBHeHusl OTBeyaeT 3a IIOCKOIapaslle/lbHOe CMelljeHHe BCceX ToueK OKPeCTHOCTH KaK e[luHoe Lieioe?
Ne 4 Tlone nepeMelileHIH TOUeK Cpe/ibl B OKPeCTHOCTH HEKOTOPOH BLIOPAHHOM TOUKH OTIpe/ie/IsIeTCs BHIDOKEHHEM:

1 [ du du\T\ 1/ du du\"

+=|—=-(— :

— = L1 du du
u(r) = u(ro) > dF+ ar 2\ 7 Ir

Kaxo#i usieH ypaBHeHHs OTBeyaert 3a fiehopMaLio Cpeibl pacTshKeHHe-CKaThe U CBUT?
Ne 5 TTosie mepemeleHUi TOUeK Cpe/ibl B OKPECTHOCTH HEKOTOPOI BbIOPAHHOW TOUKH OIPe/e/sieTCsl BhIpayKeHHeM:

1 { du di\T\ 1/ du du\T

u(r) = u(ro) 5 dF+ = o\ Ir

Kakoii uneH ypaBHeHus OTBeyaeT 3a BpallleHue KaK TBep/loe Tea0?
Ne 6 TIpou3BO/IBHBI TEH30PHBIM 0OBEKT MOXKET OBITh IPeACTaB/IeH B BU/ie CyMMbI JeBUaTOPHOM U I1apOBOM COCTaB/IAOLIMX. BepHo

yTBep)KJeHHe, UTo TeH30p, Y KOTOPOro NepBblii NHBapHAaHT paBeH Hy/II0, Ha3blBaeTCsl [1eBUaTOPOM?
Ne 7 BrIHyX/|eHHbIe KojiebaHusI 1107] iefiCTBHeM CPBIBHBIX TeUeHHH, KOTOpbIe (TeueHNsT) TeHePHPYIOTCS APYTUM TeJIOM WIH APYTUM 31eMeHTOM

JleTaTe/IbHOTO arirapara Ha3bIBaloTCs
Ne 8 BepHo 1 yTBep)KJeHUe:

CKOpOCTb pacripoCcTpaHeHus! B YIIPYIOil cpejie BOJIHBI PaCLIMPeHNUs! ONpeie/sieTCsl BbIpasKeHHeM:

o [Avew [ BO-v)
N o Va+twa-)p

Ne 9 BepHo /111 yTBep>K/ieHHe, UTO KOMITIOHEHTBI eJMHUYHOrO TeH30pa MOTYT ObITh TIPe/CTaB/IEeHE! C ITOMOILIBI0 orepaTtopa KpoHekepa B Buze

0, i#7J
1, i=]

Ne 10IIpezcTaBneHsl I71aBHble MHBApUAHThI TeH30pa C UX Npe/iCTaB/IeHneM uepes I7laBHble 3HAUeHUsl.

11 - /11 + /12 + /13
12 - /11/12 + /11/13 + /‘{2/13
13 :/112.2/13

CoxpaHsieTcsl 11 ’HBapMaHTHOCTb TIPU [1epexo/ie B HOBYIO CUCTeMy KOOpAUHAT?

BOHpOCbl 3aKpblmo20 muna:
Ne 1 YPaBHGHl/IH PaBHOBeCHA AJ1A IIJIOCKOI'O HaIpPsPKEHHOT'O0 COCTOAHUS TeJla AJ1A CTALJMOHAPHOr'0, MJIOCKOT0 C/1ydyasd UMeeT BU/
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ds, 0o, 0o, 0%u
- -

do, 0oy, 0
_ Oz dy
do, Jo, 0%u

Ne 2 Tlpwu pellleHNH 3a/ja4u OTIpe/ie/ieHus IVIaBHbIX 3HauUeHUH U IVIaBHBIX OCeli TeH30pa pacCMaTpUBaeTCsl CUCTeMa JIMHeHHbIX OJHOPOJHBIX
ypaBHeHU.

OxapakTepu3yiiTe CBOWCTBA TAKOW CUCTEMBI

- Kpome HysieBOro (TpUBHA/ILHOTO) PeIlieHHs CUCTeMa MOXKET UIMEeTh HEeHYJIeBbIe PEelleHHs], eC/IU ee OIpe/e/IuTe b PaBeH HYJTH0
- CrcTeMa UMeeT TOJBKO HYJ/IEBOE pellieHHe

- CucTema BCerzja IMEeT HeHy/IeBbIe PELIeHusl, KOTOPbIE OMPeAessiioTcs MeTofoM [aycca

- Kpome HyrneBoro (TpyBHanbHOT0) pelieHnst CUCTeMa MOYKET UMeTh HeHyJ/IeBble PellleHHs], eC/IU ee OTpeZle/ITe/b He paBeH HYIT0
Ne 3 [uBepreHuus TeH3opa P onpezesnsieTcs Kak

B'.!p: ap':: E}py 6211;'

1 —

a2 0z 9y oy

a2p: + azp‘b' } 321:.:
_ o2 ay? 0z2

op, Py Op,
dr Ay 8z

Ne 4
PaccmoTpuM TeH3zop P = (p v Py pz), oIpeesaeMblil TpeMs BEKTOpaMu. B
WHIEKCHOH 3aIlHCH KOMIIOHEHTHI TEH30PHOTO PACXOKIECHHS 3alUNIYTCS B BHIE

. dpn  Ipiz Opus
divIl), =
( h Oy dxq Oxs

- dpy Op2 dps3
divIl), = A +
( " }1 0.’1‘.‘1 3:1:2 6233

32?11 n 32}?12 n 32?13

divIl); =
( ) c')a:f 6".:% axg

dpu } dp1a ) dp13

divll), =
( v )1 Bxl 6:{.‘2 B;Bg

Ne 5 [ln1s suchdepeHIpyeMoro BeKTOPHOTO 101t MOXKHO B K&KOM TOUKe ero OIpe/esieHHs Co3/iaTh OObeKT.

day  day  Day

dry Ay iy

as s Dag

dry drg ihry

chay g dhag

dry dirg diry

[lns mpuBe/jeHHOTO 00bEeKTa yKa3aTh ero omnpeziesieHre

- TeH30p MPOM3BOAHOM OT BEKTOpA 10 Pa/inyC-BeKTOPY

- BekTOp NpoM3BOJHBIX OT MPOEKLUIT BeKTOpa 110 KOOpAUHaTaM
- Marpuija fvBepreHLyi NPOeKIUii BeKTopa

- [leBraTop TeH30pa MPOM3BOAHBIX
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Ne 6 AQuUHHBIN OPTOrOHA/IBHBIM TEH30D NP CTaB/ISIeTCsl TPeMsI BEKTOPaMH, KOTOpbIe 06pa3yloT cToIOLb! KBajipaTHON MaTpHULIbl TEH30pa.

P — marpuia TeH30pa, W — MaTpuIia HalpaB/ISIFOIIX KOCHHYCOB, CTPOKH KOTOPOH COCTaBJISIFOT KOCHHYCHI YIVIOB MEK/[y HOBOH OCBIO U
CTapbIMH OCSIMH. «T» — CHMBOJI TPQHCIIOHHPOBAHUS MaTPHUILIBL.

Bbl6paTI> COOTHOILIeHHe, oripe/ie/idrolee rpejcTaB/jieHre MaTpULlbl TEH30pa B HOBOM cHCTeMe KOoopAuHaT
-wt-p-w
-wT.-p-wt
-w-P-WT
-wW-P-W

Ne 7 W3 mipefcTaB/ieHHbIX BApHAaHTOB YC/IOBHH J1/Is HarpsDKeHUH 1 ieopMatiuii BbIOpaTh TOT, KOTOPBIH OTBeYaeT OHOOCHOMY HArpsHKeHHOMY
COCTOSIHUIO

61=E€1. £9 = £3 = —V&q
v o (I+v)1 —2v)
1—v 0 ' E(1l-v)
du 1 01{2 1 6'&1 du-g
- (").1‘2 R 2 al‘g 5.1"1

Q
%)
I
3
I
2

a1

€13 = €93 = £33 = 0.
1 1
= —(o11 —vog), €= E(Jm —voy),

v 1+v
£33 = _E(UH +092), €12 = —F 712

Ne 8 U3 npecTaB/ieHHbIX BADHAaHTOB YC/IOBUI /i/Isl HarpsbkeHud 1 fedopMatiuii BeIOpaTh TOT, KOTOPBIH OTBEYaeT OJHOOCHOMY
nedopMUPOBAHHOMY COCTOSTHUIO

61=E€1. £9 = £3 = —V&q
v o (I+v)1—2v)
 E(l1-v)
du 1 0'1[-2 1 6'&1 dug
) - - E o« -, — —_— -
U7 0z 27 0z P 2\ 02y | 0y

a1

-

€13 = €93 = €33 = 0.

1( ) L )
£ = —(o — VT99 ). Eop = — (000 — VO .
11 = glon —vo). 22 E( 920 — VO11),

v 1+v
£33 = _E(J“ +022), £f12= —F 12

Ne 9 W3 nipeficTaB/ieHHbIX BApUAaHTOB YC/IOBHH A/Is HANpsDKeHUH 1 leopMatiuii BeIOpaTh TOT, KOTOPBINA OTBEYAeT TJI0CKOMY HaIpsDKeHHOMY
COCTOSIHUIO
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v (1+v)(1—-2v)
0y =03 = 1_V01, £1= E(1—-1) 01
6u1 5'1:2 1 Bul 6’&2
£ = —, X = —*5 = — —_— N— .
H dry 22 dxro 12 2 (81?2 T dry )
] €13 = €23 = €33 = 0.
£11 = 1(0 vo9s), E22 = l(cr Vo)
n=xlon 22), €22 = (02 11);
v 1+v
€33 = _F(J“ +092), £12= F 12

Ne 10 13 npezicTaB/IeHHBIX BADUAHTOB YCJIOBHIL /17151 HANPSDKEHHUH 1 ZieopMaLiiii BEIOpaTh TOT, KOTOPbIM OTBeYaeT IJIOCKOMY J1e)OpPMHUPOBAaHHOMY

COCTOSAHUIO

o1 =FEegq, £9=g9=—-ve

v (1+v)(1—-2v)
09 = 03 = 1_V01, €1 = E(1—-1) a1
a’ul 5'1:2 1 c'?ul 6’&2
£ = —, Ec fr —*5‘ —_ — _— [E—— .
1 6:1:1' 22 ' Tro 12 2 (81?2 + 6.’[?1 '
] £13 = €93 = £33 = 0.
£11 = 1(0 vo9s), E29 = l(cr Vo)
n=xlon 22), €22= (02 11)s
v 1+v
€33 = —E(Uu +092), €12= E o12.
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